Background-Activation and coagulation biomarkers were measured within the SMART trial. Their associations with opportunistic disease (OD) in HIV-positive patients were examined.
Introduction
The SMART trial (Strategies for Management of Antiretroviral Therapy) was designed to examine the effects of intermittent treatment in HIV-positive patients compared to continuous antiretroviral therapy (ARV). Those randomised to the intermittent arm had a 2.6-fold (95% confidence interval [CI]: 1.9 to 3.7) increased odds of opportunistic disease (OD) or death compared to those in the continuous arm [1] . A nested case-control study within SMART found that baseline elevations of D-dimer and interleukin-6 (IL-6) identified HIV-infected patients at overall increased risk of death, and that increases in biomarkers were greater for those on intermittent therapy compared to those on continuous therapy [2] . However, only 8% of deaths in SMART were due to OD so it is not clear if elevations of biomarkers can also identify patients at risk for development of OD.
Persistent activation of inflammatory markers appears to have long-term pathological consequences and has been implicated in the pathogenesis of atherosclerotic disease and development of neoplasia [3] [4] [5] [6] . Cytokine activation is also an independent risk factor for death in other immunosuppressed patient groups such as those with end stage renal disease [7, 8] .
Observational studies have demonstrated that HIV-infected patients have higher inflammatory markers (i.e. C-reactive protein, CRP) and cytokines (IL-6) when compared to non HIVinfected patients and levels of inflammatory markers increase in advanced disease and are predictive of poorer outcome [9] [10] [11] [12] [13] [14] . High-sensitivity CRP (hsCRP) is an acute phase protein that increases during acute and chronic inflammatory disorders and has been shown to predict survival in HIV-infected patients [13] . Serum amyloid A production is largely regulated by inflammatory cytokines and possibly plays a role in carcinogenesis although the exact mechanism is poorly understood. [15] The relationship between elevated levels of biomarkers and HIV is still unclear, in particular whether elevations in biomarkers such as hsCRP and IL-6 can identify patients at risk of OD.
This nested case-control design within the SMART trial is the first study to examine associations between markers of inflammation and the development of an OD (focussing on the first OD that occurred whilst under follow-up), both in virally suppressed patients receiving continuous ART and in those receiving interrupted ART as dictated by their immunologic status. We hypothesised that elevations in levels of biomarkers could be used to identify patients at particular risk of development of an OD in the clinical setting.
Methods
The methods and results of SMART have been published elsewhere [1] . In summary, 5472 patients with CD4 + counts >350 cells/mm 3 were enrolled from 318 sites in 33 countries. Patients were randomised to one of two ARV treatment arms; the viral suppression (VS) arm involved continuous use of ARV while the drug conservation arm (DC) involved CD4 + guided interruptions of therapy when CD4 + counts were >350 cells/mm 3 and re-initiation of therapy when CD4 + counts were <250 cells/mm 3 . Enrolment was discontinued on January 11, 2006 following the recommendation of the study's independent data and safety monitoring board (DSMB) because of an observed increased risk of OD and death in the DC arm compared to the VS arm. ARV-experienced patients in the DC arm were subsequently recommended to reinitiate ART.
The primary endpoint in SMART was the development of new or recurrent OD or death, where clinical events were classified as OD based on the revised case definition for AIDS by the Centers for Disease Control and Prevention [1] . In SMART it was recommended that all OD events should be reported. Using pre-established criteria a multidisciplinary Endpoint Review Committee (ERC), who were blinded to the treatment arm of each individual, determined and adjudicated reported HIV progression events including the first documented OD events included in this analysis. All OD endpoints were classed as probable or confirmed against set criteria by the ERC for 17 events such as lymphoma or cryptosporidiosis where there is only a confirmed category and no probable category applied. [16] Overall, 1361 of 1415 (96.2%) patients from US sites gave informed consent to have plasma stored at baseline and at every follow-up visit thereafter. Of the other 4057 patients, 3800 also consented to having blood stored, giving a total of 5161 patients with blood samples. The non-US based patients had plasma stored at 4 or 12 month intervals rather than at every follow-up visit.
The following biomarkers, which all have high laboratory reproducibility, were measured by the Laboratory for Clinical Biochemistry Research at the University of Vermont; hsCRP, amyloid A, amyloid P, IL-6, D-dimer and prothrombin fragment 1+2.
All the necessary institutional/ethical review board approvals were obtained. The study was approved by the institutional review board at each site, and written informed consent was obtained from all participants. The ClinicalTrials.gov identifier is: NCT00027352 and the EudraCT number is: 2004-000441-38.
Statistical methods
Baseline and follow-up samples prior to January 11 2006 were identified for 273 patients: 91 patients who developed an OD and two matched controls per case (i.e. 182 patients). Matching was done on gender, age (+/-5 years), date of randomisation (+/-3 months) and country. Patients from the VS and DC arms of SMART were combined for these analyses, although comparisons were also made between treatment arms. Follow-up samples (i.e. latest levels) were selected from the visit before the OD for cases and at the same time-point for the matched controls.
Baseline characteristics were compared between cases and controls using conditional logistic regression analysis for matched case-control studies. Patients were categorised into three groups according to the level of their biomarker at baseline (i.e. separated according to clinically relevant cut-offs or split according to the nearest round value to the tertile), and the relationship between these groups and development of an OD were examined using conditional logistic regression analyses. Separate multivariable models were created for each biomarker, where all models were adjusted for baseline characteristics that were associated with developing an OD in unadjusted analysis. All reported p-values are two-sided using a level of significance of 0.05.
The possibility of an interaction between treatment arm and both baseline and latest biomarker levels with the development of an OD was assessed. The first ODs that occurred in patients who experienced an OD were predominantly infective; 72 (79.1%) individuals experienced an infective OD, 12 (13.2%) patients developed a malignant OD and the remaining 7 (7.7%) had either HIV related encephalopathy or wasting syndrome. Of the ODs, 10 (11%) were diagnosed in months 0-3, 5 (5.5%) were diagnosed between 3-6 months and the remaining 76 (83.5%) were diagnosed >6 months after trial entry.
Of the 91 patients who developed an OD, 72 (79%) were in the DC arm. Breakdown of individual ODs was as follows: oesophageal candidiasis (n=31, 34.1%), bacterial pneumonia (n=9, 13%), Pneumocystis jirovecii pneumonia (n=9, 9.9%), herpes simplex (8, 8 .8%), Kaposis sarcoma (8, 8 .8%), herpes zoster (6, 6.6%), lymphoma (4, 4.4%), wasting syndrome (4, 4.4%), tuberculosis (4, 4.4%), candidiasis of bronchi (2, 2.2%) and one case each of HIV encephalopathy, cryptococcosis, CMV disease and toxoplasmosis. There was a non significant difference in TB diagnosis between treatment arms (10.5% for the VS arm vs. 2.8% for the DC arm, p=0.14). Of the 91 patients who developed an OD in this study, 13 (14.3%) subsequently died although it is not clear if that was directly due to the OD. Table 1 shows baseline characteristics for cases and controls. The odds of developing an OD were 3.8 times greater for those randomised to the DC arm compared to those randomised to the VS arm (95% CI: 2.1 to 6.9, P<0.0001). Having a previous AIDS defining diagnosis was significantly associated with subsequent development of OD (Odds ratio (OR): 3.1, 95% CI: 1.6 to 5.9, P<0.0001) as was age at baseline (OR: 1.7, 95% CI: 1.0 to 2.9 for every five years older, P=0.04). Gender, race/ethnicity, ARV history, baseline CD4+ and plasma HIV-1 RNA levels, as well as CD4+ cell count nadir were not significantly associated with developing an OD.
In Figure 1A we grouped patients according to baseline levels of each biomarker and assessed OD development within each of the groups. The median time between the measurement of the baseline biomarker and the OD for patients who had an OD was comparable to the time between the measurement of the baseline biomarker of the control and the time that their matched case developed an OD (473 days (IQR: 237 to 803 days) and 472 days (IQR: 256 to 776 days), respectively).
In a multivariable analysis, after adjustment for baseline CD4 + count, baseline HIV-RNA levels, age and prior AIDS, both IL-6 and hsCRP demonstrated a significant trend towards an increased risk of developing an OD with increasing levels of the biomarkers at baseline. Patients with hsCRP levels 5 g/mL had a 3.5 (95% CI: 1.5 to 8.0) higher odds of an OD compared to patients with hsCRP levels <1 g/mL, test for trend p-value=0.003. In addition, patients with an IL-6 3 pg/mL had a 2.4 (95% CI: 1.0 to 5.4) higher odds of an OD compared to patients with an IL-6 <1.5 pg/mL, test for trend p-value=0.02. There was no association between levels of amyloid A and P, D-dimer and prothrombin fragment 1+2 with the odds of developing an OD.
We then examined the latest value of each biomarker before the development of the OD (for controls this is latest value of the biomarker before their corresponding case developed the OD) ( Table 2 ). There were 75 cases and 144 controls with biomarker levels recorded prior to the OD who could be included in these comparisons. The median time between the measurement of the follow-up biomarker and the OD was 73 days (IQR: 39 to 126 days) for patients who had an OD and 90 days (IQR: 33 to 161 days) for controls (i.e. time between measurement of follow-up biomarker and time that their matched case developed an OD). Figure 1B shows patients categorised into groups for each biomarker, using the same cutoffs that were used for the baseline biomarker levels. There was a 1.5 fold (95% CI: 1.1 to 2.0, p=0.01) higher odds of developing an OD for every log 10 copies/ml higher latest HIV-RNA level and a 0.6 fold (95% CI: 0.5 to 0.8, p<0.0001) lower odds of developing an OD for every 100 cells/mm 3 higher latest CD4 + count. After adjustment for the latest CD4 + counts and HIV-RNA levels at the time of the OD in addition to baseline factors, all biomarkers demonstrated a trend towards an increased risk of OD with elevated levels of the biomarkers. Patients with hsCRP levels 5 g/mL had a 7.6 (95% CI: 2.0 to 28.5) higher odds of an OD compared to patients with hsCRP levels <1 g/mL, test for trend p-value=0.002; patients with an amyloid A 6 mg/L had a 3.8 (95% CI: 1.1 to 13.4) higher odds of an OD compared to patients with an amyloid A <2 mg/L, test for trend p-value=0.03; and patients with an IL-6 3 pg/mL had a 2.4 (95% CI: 0.7 to 8.8) higher odds of an OD compared to patients with an IL-6 <1.5 pg/mL, test for trend p-value=0.04.
When baseline biomarker levels were incorporated in the models as well as latest biomarker levels, only baseline and latest IL-6 levels remained predictive of an OD, implying that baseline IL-6 still provides some information in addition to the latest IL-6 level. For hsCRP only the latest level remained predictive of an OD (data not shown).
Finally, we assessed whether the prognostic importance of elevated levels of hsCRP and IL-6 prior to the OD was also affecting and potentially contributing to the differences in risk of developing an OD in the DC versus the VS arm. Figure 2 shows that the odds of having an OD was 3.8 (95% CI: 2.1 to 6.9) times higher for patients in the DC arm compared to those in the VS arm (N=273). This is similar to the results of the main trial where the odds of having a nonserious OD was 3.6 (95% CI: 2.1 to 6.1) times higher for patients in the DC arm compared to those in the VS arm (N=5472) [1] .
As expected, since baseline factors are balanced between arms, adjustment for them did not change the odds ratio substantially (data not shown). We then explored the effect of adjusting for latest levels of each biomarker. In these models, the latest levels of the biomarkers cannot explain the difference observed between the DC and the VS arms (models 4 and 5), however, both the latest CD4 + count in addition to latest HIV-RNA levels explain most of the difference between the DC and the VS arms (i.e. brings the odds ratio closer to one -i.e. models 2, 3 and 6). Overall, latest IL-6 and CRP values failed to effect the difference in the rates of ODs between the DC and VS arms alone nor did they attenuate the reduction in difference caused by adjustment for latest CD4 count and HIV-RNA levels (models [7] [8] [9] Exploration of the interactions between each of the latest levels of the biomarkers and the treatment arm demonstrated that only one interaction was significant and that was for amyloid A (p=0.04). There was a 1.1 fold (95% CI: 1.0 to 1.2, p=0.05) higher odds of having an OD for every mg/L higher amyloid A level among patients in the DC arm, similar patterns were not seen among patients in the VS arm. Although these have limited power, tests for interaction between hsCRP (p=0.30), amyloid P (p=0.42), IL-6 (p=0.81), D-dimer (p=0.18) and F1.2 (p=0.22) did not indicate an interaction was present (Table 3) .
Discussion
Previous analysis of SMART data demonstrated that episodic ARV is associated with an increased risk of development of OD and that the excess risk of OD in the DC arm was most likely due to two factors; a greater percentage of time spent with CD4 + counts <350 cells/ mm 3 and a greater proportion of time with uncontrolled HIV replication [17] .
The observed association of previous AIDS defining illness with raised risk of development of OD is supported by other studies and underlines that once a patient has had an AIDS defining illness, they remain prone to develop ODs and benefit from life-long ARV therapy [18] .
Our study is the first to demonstrate the association between elevations of IL-6 and hsCRP and the subsequent development of OD in individuals with HIV-infection. We found that both baseline and latest levels of IL-6 and hsCRP were independently associated with developing an OD. An interesting aspect of this analysis was the fact that D-dimer, the most predictive biomarker of overall mortality in SMART was not significantly associated with OD [2] . This likely reflects the contribution of cardiovascular disease (diagnosed and undiagnosed), which is associated with elevated levels of D-dimer, to overall mortality as only 8% of the deaths in SMART were due to OD [1] In this paper we examined the associations between biomarker levels, which reflect cytokine activation and inflammation, and the development of an OD. The concept that chronic immune activation plays a role in AIDS pathogenesis is not new, but the exact mechanism remains unclear [19, 20] . In observational studies, cytokine and immune activation marker levels correlate with the severity of disease and clinical outcome among HIV-infected individuals [11, 12] . Elevated expression of CD38 on CD8 + T cells has been found to be a stronger prognostic marker of HIV disease progression than CD4 + cell count or HIV-RNA level [21, 22] and cytokine levels including IL-6 levels have been shown to decline after introduction of ARV and rise again when treatment was interrupted [23, 24] .
Since inflammatory biomarkers become elevated as part of the host's response to the disease prior to diagnosing an OD, it is possible that reverse causality played a role in the observed associations between latest levels of the biomarkers and the risk of OD. However, the fact that baseline elevations in hsCRP and IL-6 also predicted OD events makes this less likely and indicates that elevations of the biomarkers could be markers of immune activation and associated impairment of immune function in individuals at increased risk of development of OD. In addition, adjustment for the time between the marker measurement and the OD date did not affect the trends reported between the biomarker levels and the risk of an OD.
Cells produce cytokines such as IL-6 as part of the immune system's response to infection or inflammation. In the HIV negative population IL-6 is known to play a role in the growth and survival of many types of tumours [3] [4] [5] , but the mechanisms are poorly understood. It is recognised to be a key factor in myeloma progression and survival [3] and is also recognised as a factor in the development of B cell neoplasms and also for HHV-8 associated Kaposis sarcoma and Castleman's disease [25, 26] . A poorer prognosis has been observed with higher levels of IL-6 in patients with renal, ovarian, prostate and breast cancer [27] . Many different types of cancer cells proliferate in response to IL-6 and one theory is that IL-6 activity may disrupt epigenetic programming leading to development of neoplasia [4] . IL-6 may promote intracellular growth of atypical mycobacterium [28] and be involved in the pathogenesis of other ODs. Development of CMV disease in immunosuppressed renal transplant patients appears influenced by effects of pro-inflammatory and anti-inflammatory cytokines [29] and IL-6 has also been shown to be an independent predictor of mortality in the elderly and immunosuppressed patients such as renal dialysis patients [30] . In HIV, IL-6 is more likely to be a surrogate marker of a specific type of generally enhanced inflammatory state that may ultimately lead to increased risk of infections and other ODs rather than being directly involved in the pathogenesis of the development of the OD.
We also demonstrated an association between elevations of hsCRP (baseline and latest levels) and Amyloid A (latest levels) and development of OD. The effect of these biomarker levels on the risk of OD were consistent for patients in the DC arm and in the VS arm (i.e. no interaction was present), although the effect of amyloid A was more predictive of an OD among patients in the DC arm. Our observed association of elevated amyloid A just prior to diagnosis of an OD may suggest that it is part of the hosts response to the OD induced inflammatory process. Amyloid A plays a role in chronic inflammation and cancer development although the exact mechanism is so far poorly understood. [15] .
While hsCRP may simply be a marker for (possibly pre-clinical) presence of OD or infections, high circulating levels of hsCRP may contribute to promoting disease progression as resolution of inflammation appears to improve survival [31] . It is likely that as most infections have an incubation time of <2-3 months, associations beyond this period may reflect an enhanced inflammatory state in individuals at risk of OD. In one US cross-sectional study of 513 HIV positive men levels of hsCRP were associated with HIV disease progression independent of CD4 + cell count and HIV-RNA levels [14] . Lower levels of hsCRP have also been shown to predict longer survival within HIV-infected individuals [13] .
In our study, higher baseline levels of hsCRP and latest levels of hsCRP were independently predictive of increased risk of development of OD. Although CD4 + cell counts (and over the longer term, HIV-RNA levels) remain the most useful measures for predicting AIDS in HIVinfected individuals [32] , the use of routine measurement of hsCRP is easily accessible and could provide clinicians with additional information beyond CD4+ and plasma HIV-RNA in the identification of patients "at risk" for the development of OD. The utility of hsCRP in resource-poor settings to indicate the need to commence therapy or monitor response to therapy also warrants further exploration. One potential utility of hsCRP is in resource-limited settings, where viral loads are not routinely performed and are far more expensive than an individual hsCRP test, although we have no evidence that CRP could replace VL as a marker for the effect of ART. In addition as the majority of patients who had an OD were in the discontinuation arm, biomarkers may be particularly useful if a patient is considering discontinuing therapy.
The limited panel of biomarkers studied restricts our study. Many other pro-inflammatory cytokines such as TNF are released during the systemic immune activation observed in uncontrolled HIV disease and may also have prognostic value for risk of development of OD. We also did not look at markers of immune activation such as CD38 expression on CD8 + T cells. As mentioned earlier the sequence of events is also unclear although reverse causality is unlikely to account for our observation that baseline elevations in hsCRP and IL-6 also predicted OD events. There were also limited numbers of events, which did not allow examination of association of biomarkers separately for infective, malignant, and other opportunistic diseases.
In summary this study demonstrated that elevated levels of IL-6 and hsCRP at baseline and at latest follow-up identified HIV-infected patients at risk of OD. • P-values are derived from a test for trend in the multivariable analysis (i.e. they evaluate the impact of moving from the reference group to the intermediate group to the group containing the highest level of each biomarker)
• Multivariable models are adjusted for: in A) baseline CD4 + counts and HIV-RNA levels, age and prior AIDS; in B) latest and baseline CD4 + counts and HIV-RNA levels, age and prior AIDS
• Multivariable analyses for CD4 + and HIV-RNA are only adjusted for age and prior AIDS Odds ratios for opportunistic disease -comparisons between the DC arm and the VS arm 
